Abstract. Myocardial ischemia/reperfusion (I/R) injury is usually caused by resuscitation following cardiac arrest. The aim of the present study was to investigate the influence of sevoflurane postconditioning on the myocardial ultrastructure induced by cardiac arrest and successful resuscitation in mature rabbits. A total of 32 rabbits were randomly and equally divided into an I/R group (I/R group), a hypothermia group (H group), a sevoflurane postconditioning group (S group), and hypothermia plus sevoflurane postconditioning group (H + S group). Interleukin (IL)-8 and IL-10 levels in blood were evaluated at four different time points (1 h pre-ischemia: T1; 1, 2 and 3 h after reperfusion: T2, T3 and T4, respectively). The myocardial ultrastructure was evaluated by microscope after the rabbits were scarified. Plasma levels of IL-8 and IL-10 increased in all of the groups from T2. However, compared with the I/R group from T3 and T4, downregulation of IL-8 was significant in the S and H + S groups (P<0.05), and the result of intra-group comparison demonstrated that the level of serum IL-8 was the lowest in the H + S group (P<0.05).
Introduction
Myocardial dysfunction after successful cardiopulmonary resuscitation, caused by ischemia/reperfusion (I/R)-injury, is a particularly critical issue in clinical practice (1, 2) . However, the reported incidence of post-resuscitation myocardial dysfunction is approximately 45-60% for successfully resuscitated patients (3) . Due to a lack of conclusive evidence from experimental animal models, it is still too soon to apply ischemic postconditioning in clinical use.
Previously, certain studies using animal models demonstrated that anesthetic postconditioning is useful for reducing myocardial dysfunction, although the underlying mechanism remains unclear. It was reported that the inflammatory response following brain ischemia was the predominant mechanism causing brain damage (4) . Furthermore, numerous studies mentioned that various inflammatory cytokines were released to mediate I/R injury and that hypothermia may be a useful method for antagonizing the injury (1, 5, 6) . Notably, hypothermia combined with anesthetic postconditioning demonstrated an improved efficacy for reducing brain I/R injury when compared with hypothermia or anesthetic postconditioning alone.
However, it remains unclear whether cardiac arrest triggers an inflammatory response via a release of inflammatory molecules, and whether anesthetic postconditioning combined with hypothermia reduces the cardiac I/R injury by altering the inflammatory response. The present study hypothesized that a combination of anesthetic postconditioning and hypothermia reduces myocardial injury by altering the process of the inflammatory response.
Materials and methods
Experimental protocol. The present study was approved by the animal investigation committee of Yangzhou University (Yangzhou, China). This experimental study was performed on 32 male and female healthy rabbits, aged four to five months, weighing 2.8-3.2 kg. All the rabbits were fed in individually ventilated cages under a temperature of 25˚C and a humidity of 75% (light:dark = 1:1). The rabbits were randomly and equally divided into an I/R group (I/R group), a hypothermia group (H group), a sevoflurane postconditioning group (S group), and a hypothermia plus sevoflurane postconditioning group (H + S group). Cardiac arrest following acute coronary artery ischemia was electrically induced in all of the rabbits. After a 7 min non-intervention interval, leading to global ischemia, cardiopulmonary resuscitation (CPR) was initiated. Sevoflurane (Jiangsu Hengrui Medicine Co., Ltd., Lianyungang, China) postconditioning was administered at a concentration of 2.5% for 30 min. Hypothermia was induced by applying a bag containing ice and water on the heart to achieve a temperature of 33˚C. Interleukin (IL)-8 and IL-10 levels in blood were evaluated at four different time point (1 h pre-ischemia: T1; 1, 2 and 3 h after reperfusion: T2, T3 and T4, respectively).
Enzyme linked immunosorbent assays (ELISAs) for IL-8
and IL-10. IL-8 and IL-10 levels were determined using ELISA kits from Tecan Group, Ltd., Mannedorf, Switzerland (IL-8: cat. no. M1000; IL-10: cat. no. BE45311) according to the manufacturer's instructions.
Transmission electron microscopy (TEM).
The myocardial ultrastructure of rabbits was determined by a TEM (Hitachi, Ltd., Tokyo, Japan). Rabbit hearts were immediately removed following reperfusion and dissected into small pieces (size, 1 mm 3 ). Tissues were fixed in 2.5% glutaraldehyde in 0.1 mol/l sodium cacodylate buffer (pH 7.4) for 4 h, and were consequently post-fixed in 1% osmium tetroxide in 1% K 4 [Fe(CN) 6 ]. Subsequently, several steps were followed, including dehydrating through graded concentrations of ethanol and propylene oxide, embedding in Epon 812 for 24 h and sectioning using an ultramicrotome. Longitudinal sections (6 µm) were placed onto copper grids and stained with uranylacetate and lead nitrate. Each sample was examined under three visual fields (magnification, x8,000).
Statistical analysis. Correlation was analyzed using the Pearson's product-moment correlation coefficients and the P-value was obtained by the Student's t-test. A difference in the mean plasma level of IL-8 and IL-10 was analyzed using the Student's t-test. P<0.05 (two-tailed) was considered to indicate a statistically significant difference (SPSS, Inc., Chicago, IL, USA).
Results

IL-8 and IL-10 levels.
Plasma levels of IL-8 and IL-10 increased in all of the groups from T2. However, compared with the I/R group from T3 and T4, downregulation of IL-8 was significant in the S and H + S groups (P<0.05), and the result of intra-group comparison demonstrated that the level of serum IL-8 was the lowest in the H + S group (P<0.05). By contrast, upregulation of IL-10 was significantly higher in the S and H + S groups (P<0.05), particularly in the H + S group (Figs. 1 and 2) .
Ultrastructure in the cardiac specimens. Using TEM, the I/R group exhibited marked morphological defects and oncosis, which were less pronounced in the H, S and H + S groups. The S group demonstrated that sevoflurane postconditioning was effective in preventing ultrastructure damage of cells when compared with the H group. Notably, the combination of H and S demonstrated a synergic effect (Fig. 3) .
Association between IL-8 and IL-10
, and the myocardial ultrastructure. The increase of IL-10 was negatively correlated with the level of IL-8, indicating that IL-10 may be a key factor for regulating the inflammatory response. Consistently, the group with a higher level of IL-10 exhibited an improved effect when protecting the cell ultrastructure, particularly in the H + S group. 
Discussion
In the present study, sevoflurane postconditioning plus hypothermia was identified to be an effective strategy for preventing cardiovascular damage. For the potential mechanism, plasma levels of IL-8 and IL-10 increased in the I/R, H, S, and S + H groups from T2. However, compared with the I/R group, IL-8 was not upregulated to the same extent in the H, S and H + S groups. By contrast, upregulation of IL-10 was stronger in these three groups. Notably, the ultrastructure damage was identified to be significantly less in the H + S group, indicating that sevoflurane postconditioning plus hypothermia protected the myocardial ultrastructure following cardiopulmonary resuscitation via suppressing the inflammatory effect.
Myocardial dysfunction and circulatory failure caused by cardiac arrest are the primary reasons contributing to morbidity and mortality following an initially successful cardiopulmonary resuscitation (7). Meybohm et al (6) reported that mild hypothermia contributed to decreased myocardial damage and dysfunction following CPR most probably because hypothermia attenuates immune cell infiltration, apoptosis and pro-inflammatory cytokine expression. Furthermore, it was reported that postconditioning with sevoflurane may protect the myocardium from damage and dysfunction (8) . In the current study, a combination of sevoflurane postconditioning and hypothermia was observed to protect the myocardial ultrastructure by modifying the inflammatory response.
Regarding the systemic inflammatory response to cardiac arrest, various different cytokines, including IL-1b, IL-6 and IL-10, have recently been presented in the study of hypothermia to improve dysfunction following cerebral or cardiac arrest (4) . However, conflicting results were achieved. Matsui et al (9) and Russwurm et al (10) demonstrated that mild hypothermia contributes to inhibition of IL-10 production in peripheral blood mononuclear cells. However, Callaway et al (11) concluded that hypothermia following cardiac arrest did not alter serum inflammatory cytokines. These data indicate that the role of circulating cytokines may not be specific regarding the protective effect of hypothermia. The current data demonstrated that the combination of mild hypothermia and sevoflurane induced a relatively higher expression of IL-10 following successful resuscitation from cardiac arrest. Furthermore, the expression of IL-8 was negatively correlated with IL-10, indicating that IL-10 inhibits the inflammatory process. Notably, the myocardial ultrastructure exhibited reduced damage in the S group.
In conclusion, the findings clearly demonstrate that sevoflurane postconditioning combined with hypothermia confers a protective effect to the rabbit myocardial ultrastructure against myocardial I/R injury. Inflammatory cytokines were involved in the underlying mechanism of sevoflurane postconditioning plus hypothermia against myocardial I/R injury by inhibiting inflammatory effects. Therefore, these data provide mechanistic insights into the cardioprotection of sevoflurane postconditioning plus hypothermia, and provides a potential therapeutic strategy to treat perioperative ischemic events. However, further clinical work is needed for the application in patients following cardiopulmonary resuscitation. Myocardial ultrastructure under transmission electron microscopy in the I/R, H, S and H + S groups (magnification, x8,000). R, ischemia/reperfusion; H, hypothermia; S, sevoflurane.
